A low molecular mass alkaliphilic extra-cellular lipase of Bacillus cereus MTCC 8372 was purified 35-fold by hydrophobic interaction (Octyl-Sepharose) chromatography. The purified enzyme was found to be electrophoretically pure by denaturing gel electrophoresis and possessed a molecular mass of approximately 8 kDa. It is a homopentamer of 40 kDa as revealed by native-PAGE. The lipase was optimally active at 55 ºC and retained approximately half of its original activity after 40 min incubation at 55 ºC. The enzyme was maximally active at pH 8. 
Introduction
Microbial lipases (glycerol ester hydrolase; EC 3.1.1.3) are ubiquitous enzymes of considerable physiological significance that possess a whole realm of industrial applications. They have an unsurpassed role in swiftly growing modern
Maintenance of microorganism
Bacillus cereus was obtained from the Department of Biotechnology, Himachal Pradesh University, Shimla. This bacterium was assigned a Microbial Type Culture Collection number (MTCC 8372) by the Institute of Microbial Technology & Gene Bank, Chandigarh-160 036, India. The bacterium was initially isolated from a sample of sweetshop kitchen waste employing a selective (Griseofulvin; 0.05 mg.ml -1 ) continuous enrichment technique using a broth containing 1% (v/v) cottonseed oil (as sole carbon-source). This strain was identified as an aerobic thermophile, rod-shaped (cocco-bacillary), endospore former of the genus Bacillus. The auxenic strain was maintained by repeated subculturing on a modified mineral based (MB) medium containing 1% (v/v) cottonseed oil. Stocks of B. cereus MTCC 8372 were prepared in glycerol (25% v/v) and stored at -20 ºC till further use.
Lipase production by B. cereus B. cereus MTCC 8372 was grown in a broth containing (gl -1 ); NaNO 3 The medium was autoclaved at 1.1 bar overpressure for 18 min at 121 ºC. When the organism was cultivated in MB broth at 55 ºC with shaking (160 rpm) for 48 h, the harvested broth (10,000g, 20 min, 4 ºC) showed maximum lipase activity. The cell pellet was discarded and supernatant was filtered through a 0.22 micron membrane. The crude lipase sourced from B. cereus was purified by successive ammonium sulphate salt precipitation, and hydrophobic interaction (Octyl-Sepharose) chromatography to obtain a highly homogeneous protein.
Enzyme assay
The lipase activity was assayed by a colorimetric method using pNPP [11] . The 20 mM stock solution pNPP (pNPL, pNPC, pNPA, pNPF) was prepared in HPLC grade iso-propanol. The reaction mixture containing 80 ml of pNPP stock-solution in Tris buffer (0.05 M, pH 8.5, final volume 3 ml) was pre-incubated at 55 ºC in a water bath shaker (160 rpm) for 10 min. Thereafter, 20 ml of enzyme was added and reaction was performed at 55 ºC for 10 min in a water bath under shaking. Further enzymatic reaction was stopped by chilling at -20 ºC for 7 min. Control containing heat-inactivated (5 min in boiling water bath) enzyme (in duplicate) was also incubated with each assay. The A 410 (Shimadzu UV/Visible Spectrophotometer, Japan) of heat-inactivated lipase was subtracted from the absorbance of the corresponding test sample. The unknown concentration of p-nitrophenol released was determined from a reference curve of p-nitrophenol (2-20 mg/ml in 0.05 M Tris buffer, pH 8.5). Each of the assays was performed in triplicate unless otherwise stated and mean values were presented. One unit (IU) of lipase activity was defined as micromole(s) of p-nitrophenol released by hydrolysis of p-nitrophenyl ester by one ml of soluble enzyme per minute at 55 o C under assay conditions. The protein concentration was determined using bovine serum albumin as a standard [12] .
Hydrophobic column chromatography
A column of pre-swollen Octyl-Sepharose (Sigma Chemical Co., U.S.A) was packed (V t = 25 cm 3 ) in a sintered glass column. Equilibration was done using 20 ml of start-buffer (50 mM sodium phosphate, 1.0 M ammonium sulphate, pH 7.2) at a flow rate of 1.0 ml.min -1 . The dialysed lipase was loaded on the column.
The elution was performed with 20 ml of elution-buffer (50 mM sodium phosphate, pH 7.2). All fractions (3 ml) were assayed for both lipase activity as well as their protein content. The fractions showing lipase activity under a peak were pooled, concentrated by freeze-drying and quantified. Fold purification as well as yield of lipase was determined at each stage of purification. Purified lipase was stored at -20 ºC until used. This preparation was extensively dialyzed and freezedried under vacuum and referred as purified lipase.
Molecular mass determination
SDS-and native-PAGE were performed to determine the purity, native molecular mass and its subunits' molecular mass. The SDS-PAGE was performed on 15% polyacrylamide gel (with 4% stacking gel) by a standard technique [13] . The native-PAGE was performed on 8% polyacrylamide gel (with 4% stacking gel). Proteins in the gel were visualized with Coomassie Brilliant Blue R-250.
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Characterization of B. cereus MTCC 8372 lipase
Effect of temperature on purified lipase
To determine the optimum reaction temperature for extracelluar lipase, 20 ml of purified lipase was added to the reaction mixture containing 80 ml of p-NPP (20 mM) and 2.9 ml of Tris buffer (pH 8.5, 0.05 M) in a test tube. The tubes were incubated at 45, 50, 55, 60 and 65 ºC for 20 min. Further enzyme reaction was stopped by chilling the content of reaction mixture at -20°C for (7 min) and lipase activity was assayed thereof.
Thermostability of lipase
To examine the effect of temperature on the stability of the enzyme, purified enzyme (0.2 ml) was kept separately in Eppendorf tubes for 140 min at 55°C. At intervals (20 min), 20 µl of enzyme was sampled and assayed for residual lipase activity. The activity measured immediately before incubation was considered as 100% of hydrolytic activity.
Effect of buffer pH on lipase
To study the effect of the variation in the pH of the reaction mixture on the lipase activity, the pH of the 0.05 M Tris-buffer (a part of the reaction mixture) was adjusted separately to 7.0, 7.5, 8, 8.5, 9.0 and 9.5. To the reaction mixture containing p-NPP and Tris-buffer at each of the above pH, 20 ml of purified lipase was added and the reaction was carried out at 55 ºC for 20 min.
Effect of metal-ions on lipase activity
To evaluate the effect of various metal-ions at 1 mM concentration on lipase activity, an attempt was made to study the effect of K 
Effect of various detergents on lipase activity
Various detergents both ionic as well as non-ionic were used to study their denaturing effect on B. cereus lipase. Each of the detergents (Triton-X 100, Tween-20, Tween-80, SLS and SDS; 0.05%, v/v) was included separately in the reaction mixture and the residual lipase activity was recorded.
Effect of PMSF on lipase activity
The reaction mixture containing 1, 5, 10 mM of phenyl methyl sulphonyl fluoride (PMSF) and 20 µl of enzyme were incubated at 55°C for 20 min. The lipase activity was assayed at interval of 5 min. The controls without PMSF and without enzyme were also included.
Substrate specificity and affinity of the lipase
Each of the p-nitrophenyl esters i.e. p-NPF, p-NPA, p-NPL, p-NPC and p-NPP was separately included in the reaction mixture (containing 80 ml of p-NP-ester in iso-propanol and 2.9 ml of 0.05 M Tris, pH 8.5). The purified lipase (20 ml) was added to each of the test tubes, mixture was thoroughly vortexed for 2 min and the test tubes were incubated at 55 ºC for 20 min. The lipase activity was assayed thereof.
Determination of K m and V max of lipase of B. cereus MTCC 8372
Effect of concentrations of the selected chromogenic substrate (2-20 mM in 0.05 M Tris-buffer, pH 8.5) on the reaction rate of hydrolysis of p-NPP ester catalyzed by purified lipase of B. cereus MTCC 8372 was separately studied at 55 ºC. The Lineweaver-Burk plots were used to determine V max and K m of purified lipase for p-NPP.
Statistical analysis
Standard deviation (SD) and Standard error of means (SE) were calculated from data obtained for three replicates for each of the parameters studied.
Results
The lipase in the cell-free harvested broth (0.044 IU.mg -1 ) was optimally precipitated at 80% (w/v) ammonium sulfate saturation. The precipitates were reconstituted in a minimum volume of 0.05 M Tris buffer (pH 8.5) and were extensively dialyzed against the same buffer. The dialyzed enzyme showed a specific activity of 0.148 IU.mg -1 protein. Hydrophobic interaction chromatography of lipase on Octyl-Sepharose column resulted in one peak (Fig. 1) . Hydrophobic interaction (Octyl-Sepharose) chromatography resulted in a highly homogeneous protein possessing specific activity of 1.55 IU.mg -1 indicating a 35-fold purification (Table I ). The purified lipase showed presence of a distinct band of approximately 8 kDa on 15% SDS-PAGE (Fig. 2) as analyzed by AlphaDigi Doc System (USA). A single band 40 kDa was observed in native-PAGE. This band was used to assay lipase activity in situ. The protein band was carefully cut and minced into small pieces in Tris-buffer (pH 8.5) and this suspension was assayed colorimetrically for lipase activity (0.07 IU), using p-NPP. It confirmed that the native lipase of B. cereus MTCC 8372 was biologically active and appeared to be a holozyme that consisted of five identical subunits of approximately 8 kDa (homopentamer) in native form. The Zymogram i.e., in situ substrate (p-NPP) hydrolysis showed that the protein remained active in non-reducing native-gel (Fig. 3) . 
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Characterization of B. cereus MTCC 8372 lipase
Effect of temperature on purified lipase
The purified lipase exhibited a maximum enzyme activity at 55 ºC at pH 8.5 (Fig. 4) . 
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Effect of pH on purified lipase
True ionogenic state of enzyme was essential for its optimal activity. The optimal activity of B. cereus MTCC 8372 lipase was seen at pH 8.5 (0.69 IU » 100%). The enzyme activity decreased inversely. The activity decreased more sharply at alkaline pH, the residual activity being 26% at pH 7.0, 57% at pH 7.5, 84% at pH 8.0, 65% at pH 9 and 38% at pH 9.5 (Fig. 5) .
Effect of metal-ions on lipase
The presence of chloride salt of Mg 2+ , Mn 2+ , Ca 2+ , Hg 2+ or Fe 3+ promoted the lipase activity that was 10-17% more than the control (Table II) . The presence of Hg 2+ ions resulted in the maximum lipase activity. However, the presence of Zn 2+ , Mo -and Co 2+ ions exerted an inhibitory effect on bacterial lipase.
Thermostability of B. cereus MTCC 8372 lipase
The hydrolytic activity of lipase reduced (0.35 IU.ml -1 ) to approximately 50% of its original activity (0.72 IU.ml -1 ) within 40 min of incubation at 55 ºC.
Thereafter, decrease in the lipase activity was quite gradual. After 140 min, approximately 20% of the original activity could be detected (Fig. 6 ). All the assays were done in triplicate using pNPP as a chromogenic substrate and mean values were presented. The standard deviation was between 0.3 and 0.4% in all the above regimens (n = 3). Time (min) Lipase activity (IU.ml -1 ) Figure 6 . Thermostability of B. cereus MTCC 8372 lipase at 55 ºC 105% in comparison to the control, respectively. However, exposure of lipase to SDS strongly (approx. 95% decline) and to SLS mildly (approx. 27% decline) decreased the lipase activity in comparison to control (Table III) .
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Effect of PMSF on lipase of B. cereus MTCC 8372
Inhibition kinetics of B. cereus MTCC 8372 lipase was directly proportional to PMSF concentration i.e. at 1, 5 and 10 mM of PMSF, the activity of lipase declined and appeared to follow a first order kinetics of a typical non-competitive inhibition with respect to reaction time (Fig. 7) . Presence of PMSF (10 mM) in the reaction mixture severely decreased the hydrolytic activity of B. cereus MTCC
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Discussion
To exploit lipases of Bacillus spp. for performing hydrolysis reactions in aqueous or esterification and trans-esterification reactions in organic system(s) respectively, it is important to biochemically characterize these enzymes. Most of these lipases have been studied for their potential in organic synthesis. Amongst bacteria, till date a few low molecular mass lipases have been isolated, characterized and studied for their catalytic activities in aqueous or organic media. B. cereus MTCC 8372 lipase was purified to homogeneity by ammonium sulphate precipitation, dialysis, and Octyl-Sepharose chromatography yielding an approximately 35-fold purified lipase. Among Bacillus spp., B. cereus [14] and B. coagulans NCIMB 9365 [15] possessed intracellular lipases while a recently reported thermophilic B. coagulans BTS-3 isolate possessed an extracellular (31 kDa) alkalophilic lipase [16] . Thermostable lipases from many Bacillus species have been found to possess molecular masses in the range of 43-45 kDa [17, 18] . A 21.9 kDa lipase from Penicillium restrictum has been reported [19] .
The enzymes of thermophilic organisms possess an inherent advantage of retaining catalytic activities at raised temperatures (>55 ºC) than the enzymes sourced from mesophilic microorganisms. Most of previously reported lipases were not studied for their applications in organic synthesis [14, 20] . In the present study, the extracellular alkalophilc lipase of B. cereus MTCC 8372 retained more than 50% of its original activity at 55 ºC for 40 minutes. Temperature optimum of 45 ºC or higher for lipase activity has been reported in many Bacillus species [20, 21] . The thermotolerant lipases appeared to be quite useful in various industrial applications. The lipase sourced from B. cereus MTCC 8372 was also found to be stable in many organic solvents including alcohols, alkanes and a few other common solvents [22, 23] . The purified B. cereus MTCC 8372 lipase showed preferential affinity towards longer C-chain esters (p-NPP). A Lineweaver-Burk plot was linear that indicated that hydrolysis of p-NPP by B. cereus MTCC 8372 lipase followed Michaelis-Menten kinetics.
The B. cereus MTCC 8372 lipase was stable over a wide range of pH (pH 7.0 to 9.5). Lipases of microbial origin are influenced by the presence of metal-ions albeit at low concentration(s). In the present study, lipase of B. cereus MTCC 8372 was strongly influenced by the presence of some metal cation(s). tivities of microbial lipases both of bacterial as well as fungal origin [24] . Unlike most other bacterial lipases, the B. cereus MTCC 8372 lipase is inhibited by PMSF. PMSF and EDTA did not affect the lipase activity of Mucor hiemalis f. hiemalis [25] as well as a lipase of non-microbial origin [24] . B. cereus MTCC 8372 strain [23] and a thermoalkaliphilic lipase from Bacillus sp. [17] showed a preferential specificity for longer chain length substrates. The hydrolytic/lipase activity of B. cereus MTCC 8372 was highly sensitive to the presence of PMSF as well as denaturing agent (SDS). Anionic detergent SDS completely inhibited the catalytic activity of B. cereus MTCC 8372 lipase in the presence of chromogenic substrate. Inhibition of its activity by PMSF indicated that it is a typical lipase with serine protease activity at the catalytic site, unlike lipolase and a pancreatic lipase [26] [27] [28] .
The present study showed unique properties of molecular mass alkaline thermotolerant lipase of B. cereus MTCC-8372. Moreover, because of its relatively high specificity towards long C-chain length esters, its potential application(s) in the synthesis of flavor as well as fragrance ester compounds will be further explored in organic media by performing esterification and trans-esterification studies.
